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Abstract. 
 
 Due to the abundance of coal and its extensive use in industry and power 
production around the world, it is important to understand its impact in all phases of 
production and consumption. Many studies have examined the mining, use, and disposal 
of coal, but few have examined the possible contamination associated with coal 
transportation. Six trace metal contaminants (As, Cd, Cu, Pb, Hg, and Zn) are examined 
at wetland sites along the railways that run the length of the Virginia Peninsula, 
transporting coal from Appalachia to the shipping hub in Newport News, VA. CVAAS, 
GFAAS, and FAAS are used to determine the concentrations of these analytes in 
sediment cores collected at varying distances from railways. Spider samples are also 
evaluated for elevated Hg concentrations to examine the effects of bioaccumulation from 
coal dust spread on biota. 
 When compared to the Waller Mill Park control site, all six elements had elevated 
concentrations at test sites. Hg, Cd, As, Pb, Zn, and Cu concentrations were 43%, 43%, 
334%, 51%, 388%, and 112% higher on average than at the Waller Mill control site. Hg, 
Zn, Pb, and Cd exhibited similar spreading behavior, all showing highest average 
concentrations in the 20-50 m buffer around the railway. Spider samples indicated higher 
Hg values in web-feeding spiders, attributable to web recycling. Higher values of Hg at 
control sites also fit the significant positive correlation between Hg and Zn levels in 
sediments. 
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Introduction. 
 Coal has been and remains a vital source of energy in the United States and 
throughout the world. It is mined and utilized across the country and also passes through 
many of our ports to be shipped globally. While many studies have focused on the effects 
of coal fly ash as a major environmental pollutant, the impact of unburned coal on 
environments not immediately associated with coal mines is significantly less understood 
[1] [2] [3] [4]. The aim of this study is to shift this imbalance, and to begin to elucidate 
some of the effects of coal dust deposition caused by coal transportation on the 
environment. 
 The Dominion Terminal Associates coal terminal in Newport News, VA receives 
and ships approximately 20 million tons of coal each year. All of this coal is transported 
from the Appalachian Mountains by train to the facility down a single set of tracks along 
the Virginia Peninsula, operated by CSX Transportation [1]. With this high level of 
movement, coal dust seems almost destined to end up in environments immediately 
surrounding the railways. BNSF Railways operates similar transportation lines in the 
Pacific Northwest and speculated that as much as 3% of the load of a coal car can escape 
during transportation [2]. While factors such as weather and wind can not be entirely 
accounted for when examining the spread of particulates from trains, it can be assumed 
that these factors achieve an average throughout the year and affect similar areas in 
similar ways. The coal dust should presumably exit the train, traveling away from the 
tracks, and eventually settle on to soils, vegetation and into waterways. 
 The primarily bituminous coal that travels through the Virginia Peninsula is 
known to contain elevated levels of hazardous elements such as mercury, lead, arsenic, 
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selenium, cadmium, copper, and zinc along with several radioactive elements [3] [4]. The 
bioavailability of many of these elements and their associated compounds in wetland 
environments along with the loss of coal dust during transportation suggest that the 
environmental quality of sites adjacent to rail lines may be severely compromised. When 
considered in addition to the possibility of previously elevated levels of heavy metals in 
wetland sediments, the addition of contaminants from coal dust can place a significant 
burden on these ecosystems [5]. 
 The bioaccumlative nature of many of the constituent elements of coal, in 
particular Hg, also poses a significant issue for organisms in the affected environments. 
As a predatory invertebrate, spiders are particularly susceptible to bioaccumulation of 
mercury and methylmercury due to high levels of predation on emergent aquatic insects 
whose primary consumption is on organic matter where coal can be deposited and toxic 
elements released [6]. In an environment where the primary and often sole input of 
mercury and other toxic heavy metals could be attributed to anthropogenic inputs, 
contaminant levels in spiders can be partially indicative of overall environmental health. 
As a prominent member of the food web in wetland ecosystems, understanding toxic 
metal levels in spiders can also help to better understand overall ecosystem health. 
 
Background. 
Coal mining and utilization.  
 Heavy metal contamination from coal has been studied extensively, but a large 
majority of the work is based on the two ends of the coal process, extraction and 
combustion.  The amount of information regarding the transportation of coal and its 
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environmental effects is very limited [7].  In order to therefore understand some of the 
environmental impacts of coal and the toxic metals associated with it, the literature 
regarding the beginning and end processes of coal must be considered. 
 During the mining process, a significant amount of coal dust is created and 
spreads to local environments [8]. In association with this dust, elevated levels of toxic 
metals such as Cu, Pb, As, Hg, Zn, and Cd have been noted in natural waters, soils, and 
sediments [9] [10] [11] [12] [13]. In aquatic environments surrounding coal fields in the 
Pench Valley of India, D.C. Gupta noted levels of selected metals orders of magnitude 
higher than suggested for drinking water specifications. The literature suggests a strong 
correlation between heavy metal contamination and coal mining, but it is often noted that 
this could be as much attributed to coal mine runoff as to coal dust spread [8] [9] [13]. 
 A significant amount of literature has been focused on the chemical content and 
environmental effects of coal fly ash due to the large number of coal-fired power plants 
across the United States. The list of trace elements found in fly ash is extensive, including 
many radioactive elements as well as those mentioned in association with mineral coal  
[10] [13] [14] [15] [16] [17]. Along with its danger as airborne particulate matter, coal fly 
ash can spread from the combustion source and settle in distant areas, leading to similar 
issues as with coal dust [15]. The problem of coal ash leaching arises when the fly ash is 
concentrated and allowed to sit in the environment. For elements with negative 
environmental impacts, this leaching can lead to significant bioaccumulation and 
degradation of soils  [10] [14] [15]. Work has been done to reduce the quantity of trace 
elements entering the environment via fly ash through implementation of scrubber 
systems on emissions stacks at coal plants. These scrubbers and other emission-reduction 
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methods have displayed the capability to lower levels of As, Se, Pb, Zn, and other trace 
elements, but have not completely removed the risk of environmental contamination from 
coal combustion [17].  
 Work has also been conducted to assess the impacts of unburned coal on marine 
environments as large quantities of coal are shipped around the world each year. Aside 
from creating the same detrimental effects as other particulate matter in water bodies, the 
trace metal contaminants hold the potential to enter the food web and bioaccumulate in 
organisms if present in significant levels. In addition to the direct input of coal to marine 
ecosystems, the leaching of coal piles can also contribute a significant amount of trace 
metals such as Cd, Cu, and Zn [18]. Although Ahrens and Morrisey recognized the input 
mechanisms and potential impact of unburned coal on these environments, they 
determined that the eventual effects of the contaminants will vary greatly depending on 
the buffering capacity and dilution of coal in the receiving environment.  
 
Health effects of selected analytes. 
 As, Cd, Cu, Hg, Pb, and Zn are commonly found trace elements in the bituminous 
coal of the Appalachian Mountains [13] [17]. Unfortunately, they are also contaminants 
with a wide range of detrimental effects on the environment. Cd, Hg, and Zn each have 
significant accumulative properties in biota, especially in aquatic ecosystems, and As and 
Pb poisonings due to environmental exposure have been documented in numerous 
countries around the world [13] [19]. The implications of the introduction of these toxic 
elements to the environment have therefore been studied extensively. 
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 Mercury has long been recognized as a significant environmental pollutant due to 
its highly bioaccumulative nature in the food web. Under certain environmental 
conditions, alkylation of mercury can occur by way of sulfate-reducing bacteria, creating 
methylmercury and other alkylmercury compounds [20] [21] [22] [23]. Once deposited in 
sediments and waters, organic Hg compounds pose a large threat to high-level consumers 
as they are magnified up the food web [6] [24]. In these high level consumers, including 
humans, Hg and its associated compounds attack the central nervous system, decreasing 
motor and sensory functions [19]. Because of the known effects of Hg in the ecosystem, 
examination of possibly elevated concentrations is pertinent to most studies analyzing 
trace metals in the environment. 
 Due to its previously high concentrations in paint and gasoline, Pb has been 
studied to a similar extent as Hg. Pb has been recognized as a significant health risk 
through environmental exposure, especially in children, due to its chronic introduction to 
the ecosystem over time and its indestructible nature [25]. Health effects of Pb 
contamination include degradation of the central nervous system as well as accumulation 
in the kidneys and blood  [19] [25]. While many Pb inputs to the environment have 
decreased over the last few decades, especially in developed countries, coal usage still 
represents a source of the heavy metal [25]. 
 Cd and As have a shorter history of use than Hg and Pb. However, they have both 
exhibited similar toxicological effects when introduced to organisms through 
environmental exposure [10][19] [26]. With prolonged exposure at elevated 
concentrations, Cd accumulation can lead to serious renal dysfunction and possible 
increases in osteoporotic activity [19] [26]. Prolonged As exposure can lead to the 
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damaging of a much larger number of organs. Disturbances to the cardiovascular system 
can lead to gangrene, and various cancers have been strongly correlated with As exposure 
[10] [19]. 
 While Cu and Zn are labeled as essential trace elements, elevated levels of each 
can have detrimental effects on organisms. When found in moderation, these elements 
have been shown to be beneficial in terrestrial systems and to aid in metabolism in 
humans [27]. However, Zn has a bioaccumulation factor similar to that of Hg in aquatic 
environments and can destabilize the metabolism of other essential elements when 
present in elevated quantities [13] [27]. Chronic Cu exposure can manifest itself in the 
form of liver cirrhosis and jaundice. Intake of soluable inorganic copper, more prevalent 
in water, can also detrimental to organism health [27]. 
 Studies have shown that regions with elevated concentrations of these trace 
elements are susceptible to endemic cancer activity and overall poor environmental 
quality [10] [13] [19] [28]. In association with coal utilization and combustion, 
suggestions have been made to continually monitor the levels of these contaminants [13]. 
This study aims to do just that in order to further understand these correlations in the 
environment. 
 
Spiders as an indicator of mercury contamination. 
 Many studies have been aimed at increasing the understanding of Hg in terrestrial 
and aquatic food webs. Spiders are one organism that has risen as a viable study organism 
for the bioaccumulation of Hg in these environments. In ecosystems with elevated levels 
of Hg in the soil and water, elevated levels of the contaminant have also been noted in 
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spider samples, and as a predatory species that also acts as a food source for higher level 
consumers, bioaccumulation through the food web can be modeled by way of spider Hg 
levels [6] [23] [24]. One pathway of contaminant accumulation in spiders is through the 
recycling of webs in web-feeding species. In the situation involving coal dust, this 
particulate matter can settle on to webs and then be ingested by the spiders, providing an 
additional introduction pathway over ground-feeding spiders [29]. Because of these 
factors, spiders are a good model organism for examining Hg concentrations in biota as 
affected by environmental levels. 
 
Experimental Methods. 
Sampling location selection. 
 The initial step of the analysis involved creating a sampling map using ArcGIS 10 
that could be used to plot contaminant data and analyze spatial relationships between 
analyte concentration and proximity to rail lines. GIS data were collected from New 
Kent, Charles City, James City, and York counties and from the cities of Williamsburg 
and Newport News for county boundaries and railway lines. These layers were obtained 
from the cities rather than national databases in order to maximize the accuracy of the 
data. The National Wetlands Inventory (NWI) was also obtained to delineate water body 
boundaries in the area. The separate railway datasets were merged together and four 
buffers were created around the railroads at 0-10, 10-20, 20-50, and 50-100 meters in 
order to analyze the possible spread of coal dust from the tracks and the residual effects. 
After overlaying the rail and water layers, a sampling site point file was created by 
placing points at locations along the railway at which the rails either crossed a body of 
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water or the body of water fell within the largest buffer range. Sampling sites were given 
priority at locations with still or slow-moving water in order to minimize the effects of 
water flow on analyte movement. Based on a feasibility of access analysis, many 
locations were eliminated as possible sample sites. Nine sites along the length of the 
peninsula were selected as viable sampling locations. Two control sites were also 
selected at sites with similar water body characteristics but which were significantly 
outside of the 200 ft buffer. No sites were selected in the far southeastern region of the 
study area due to possibly significant influences from the coal plants and shipping yards 
in the city of Newport News (Map 1) Data for the adjacent water body as well that for the 
rail lines, including the distance to the line feature, was then added to the sample site 
point file for use in the spatial analysis of the collected data. 
 
Field sampling methods. 
 At each sampling location, multiple sediment cores were collected at varying 
distances from the rail lines. Where possible, duplicate samples were obtained in close 
proximity to each other in order to verify analytical methods. Using a sediment auger, 
grabs from the upper 5cm of sediment were taken from the shore-water interface. The 
sediment was removed from the surface such that analysis was of relatively recent 
deposition rather than historical data. Cores were placed in sealed plastic bags, labeled, 
and transported to the lab in a cooler to maintain sample integrity. A total of 36 samples 
were collected from the eleven sites. 
 At the four sites at which spider samples were collected, both ground-feeding and 
web-feeding spiders were caught within close proximity of locations where sediment 
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cores were taken. Each spider was gathered into separate wide-mouth, 4 oz, glass jars, 
sealed, labeled, and placed in a cooler to maintain sample integrity. Nine ground-feeding 
and 14 web-feeding spiders were collected from four sites. 
 
Sample analysis – Spiders. 
 Spider samples were first prepared at the Keck Environmental Field Lab. After 
initially freezing the samples in a standard isotemp freezer, the samples were freeze-dried 
to remove all water content using a Labconco Free Zone 4.5 freeze-drying system. The 
samples were frozen and vacuum lypholized at -50°
C
 at 0.2 millibars of pressure.  
 The freeze-dried samples were then homogenized using a mortar and pestle and 
the total mass recorded. Samples with a mass under 0.001 g dry weight were discarded 
due to instrument mass requirements. The samples were transferred to 8 ml vials and 
prepared for determination of mercury levels. All spider samples were analyzed for total 
mercury content using a Milestone DMA-80 direct mercury analyzer. The samples were 
transferred into nickel boats and sample masses were again recorded before analysis. 
Within the instrument, the samples were first processed on a temperature program for 
drying and decomposition of the sample, followed by a purge of the decomposition 
chamber to drive the mercury vapor through a catalystic furnace. The mercury was then 
trapped on a gold amalgamator, followed by desorption and analysis of analyte 
concentration using atomic absorption spectroscopy (Hg lamp: 254 nm). NRC DORM-4 
and DOLT-4 certified reference materials were also measured for mercury levels during 
the same analysis in order to verify instrument calibration both before and after the 
collected samples were analyzed. 
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Sample analysis – Sediment. 
 Upon returning to the field lab, the sediment samples were preprocessed in the 
same method as the spider samples. Sediment cores were frozen then freeze-dried in the 
same Labconco Free Zone 4.5 freeze-dryer. The sediment cores were then sifted through 
a large pore sieve to remove any rocks or large organic matter from the sediment. The 
samples were then homogenized into a fine powder using a mortar and pestle and 
transferred to 8 ml glass vials. Two certified reference materials were also analyzed to 
verify extraction methods and to determine extraction efficiencies for each element. The 
NIST Standard Reference Material 2710: Montana Soil and the Canadian NWRI WQB-3: 
Hamilton Harbor and Lake Ontario sediments were utilized in this study. 
 Approximately 1 g of each sample was weighed directly into 40 ml Teflon 
microwave digestion tubes. Because of concentrated levels of the elements in the two 
reference materials, .25 g of sediment was used. A 15 ml aliquot of trace-metal grade 
aqua regia (3 HCl : 1 HNO3) was then added to each digestion tube and the tubes were 
then capped with a Teflon stopper and screw-on cap. In addition to the two reference 
materials, a duplicate of every fifth sample and two reagent blanks were also processed 
with the samples in order to verify extraction methods. All samples were then digested 
using microwave-assisted digestion on a CEM Mars Xpress microwave system, ramping 
the temperature of the samples to 200°C over 15 minutes. After cooling, the liquid extract 
from the digestion was decanted into 100 ml volumetric flasks. The sides of the Teflon 
tubes were rinsed with deionized water and the liquid was again decanted into the flasks. 
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The sediment extracts were then diluted to 100 ml and finally transferred into 125 ml 
plastic Nalgene bottles for storage. 
 For mercury analysis, samples were analyzed using a Leeman Labs, Inc. Hydra 
AA cold-vapor atomic absorption spectrometry (CVAAS) mercury analysis system. 
Prepared standards were used to calibrate the instrument and sediment samples were 
analyzed in the same sequence as they were digested (see App. A). The samples were 
mixed with a 10% SnCl2 reductant in order to reduce the Hg
2+
 to Hg
0
 and drive it into the 
gas phase for absorption analysis via the Hg lamp. 
 For analysis of lead, cadmium and arsenic, a Perkins Elmer AAnalyst 700 
graphite furnace atomic absorption spectrometry (GFAAS) system was used. Each 
sample was transferred into 2 ml sample vials and loaded into the instrument 
autosampler. Prepared standards were used to calibrate the instrument, and for Cd and As 
analysis 20 µl of sample was mixed with 20 µl of a matrix modifier within the graphite 
furnace for analysis. A 1:4 dilution of the Pb samples was performed using 5 µl of sample 
and 15 µl of deionized water along with the 20 µl of matrix modifier in order to bring the 
samples within the linear range of the calibration curve. The Pb and Cd analysis utilized 
an ammonium phosphate modifier and the As analysis used a palladium modifier in order 
to allow for elimination of the sample matrix without loss of analyte (see App. B). Upon 
injection into the graphite furnace, each sample was processed through a three step 
process: desolvation, sample charring, and atomization. The analyte concentration was 
detected via atomic absorption during the atomization phase and the sample 
concentration was calculated based on the calibration curve. The same sequence of 
samples as the mercury analysis was utilized, with the addition of an intermediate 
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standard at the mid- and end-point of each run to verify consistent analysis throughout the 
procedure. 
 Due to elevated ambient levels in the environment, the copper and zinc 
concentrations were analyzed using the same Perkins Elmer AAnalyst 700, but utilizing 
the flame atomic absorption spectrometry (FAAS) mode rather than GFAAS. Standards 
and samples were manually introduced to the system, with a pump drawing the sample 
into an air/acetylene flame. The absorbance of the flame was averaged over three five 
second integrations to determine the concentration of analyte in the sample solution. The 
same sample sequence with intermediate standards was used for the FAAS analysis as 
with the GFAAS mode. 
 The extraction efficiency for each element was determined by comparison with 
the extraction efficiency of the certified reference materials, NIST SRM 2710 and WQB-
3. Because the NIST SRM 2710 reference material was consistently well outside the 
comfortable linear range of the calibration curve, only the extraction efficiency of the 
WQB-3 sample was used to determine the extraction efficiency of each element in the 
unknown samples. 
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Map 1. Study area extent, Virginia Peninsula. The study area includes the counties of 
New Kent, York, James City, and Charles City, and the cities of Williamsburg and 
Newport News. 
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Results. 
Sediment metal concentrations. 
 Hg, Cd, As, Pb, Zn, and Cu were detected at all nine of the test sites (Table 1).  
Chemical analysis of the samples gave measurable amounts of Hg in 100% of the 36 
samples, Cd in 72%, As in 78%, Pb in 94%, Zn in 100%, and Cu in 86% (see App B for 
detection limits). Concentrations ranged from 0.001-0.120 ppm, 0.011-0.28 ppm, 0.56-
16.6 ppm, 1.1-123 ppm, 7.5-259 ppm, and 1.0-32 ppm in the samples respectively. Hg, 
Cd, As, and Zn were all found at their highest concentration at the Waterside Dr site. Pb 
was found to be highest at the Providence Forge site, and all four of the highest 
concentrations of Cu were found at the Colonial Williamsburg pond sampling location. 
Sampling locations within 10 m of each other, when sampled on the same date, also 
generally showed high correlations in contaminant levels. 
 
Mercury concentration – spiders. 
 Due to difficulties in sample collection and limited analytical abilities, spider 
samples were not obtained at every sampling site and results were therefore confined to a 
limited data set. Mercury was detected in all 23 of the spider samples analyzed (Table 2). 
The Hg concentration in the web-feeding spiders ranged from .18-3.5 ppm and ranged 
from .13-1.7 ppm for ground-feeding spiders. The spiders collected from the control sites 
had Hg concentrations ranging from 0.35-2.1 ug/g and test site spiders had concentrations 
ranging from 0.13-3.5 ug/g. Two of the top three most contaminated samples were from 
the Colonial Williamsburg site and all three were web-feeding spiders.  
21 
 
 
22 
 
  
23 
 
Sample Hg [ng] Weight (g) Hg concentration [ug/g] 
KL web 1 0.80868 0.00069 1.2 
KL web 2 4.02473 0.0057 0.71 
KL web 3 14.08933 0.00673 2.1 
KL web 4 4.88617 0.00756 0.65 
KL web 5 10.68323 0.00987 1.1 
KL wolf 1 9.86766 0.00595 1.7 
KL wolf 2 3.66412 0.00833 0.44 
KL wolf 3 4.34424 0.01247 0.35 
KL wolf 4a 7.42696 0.02142 0.35 
KL wolf 4b 11.16218 0.02913 0.38 
WM wolf 1 5.35475 0.01289 0.42 
WM wolf 2 8.36355 0.02347 0.36 
WM wolf 3 21.85759 0.05093 0.43 
WM wolf 4a 8.95375 0.02463 0.36 
WM wolf 4b 8.52111 0.02527 0.34 
CWP web 1 2.52901 0.00135 1.9 
CWP web 2 19.36177 0.00556 3.5 
CWP web 3 1.98941 0.009 0.22 
CWP web 4 2.50082 0.00891 0.28 
CWP web 5 2.49847 0.01365 0.18 
CWP wolf 1 1.37581 0.01098 0.13 
LHES web 1 0.74081 0.00156 0.47 
LHES web 2 0.5513 0.00266 0.21 
LHES web 3 2.39995 0.00321 0.75 
LHES web 4a 16.5324 0.04192 0.39 
LHES web 4b 16.29678 0.04263 0.38 
 
Table 2. Mercury concentrations in freeze-dried spider samples. Spider samples were 
freeze-dried, homogenized, and analyzed for Hg via DMA. Hg [ng] represents the raw 
DMA data values. All samples contained Hg levels above the limit of detection. 
KL=Keck Lab, WM=Waller Mill, CWP=Colonial Williamsburg Pond, LHES=Lee’s Hall 
Elementary School  
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Discussion. 
 When compared to the EPA’s regional screening values (RSL) for potentially 
hazardous levels of soil contaminants along the east coast, only As was found at 
concentrations higher than recommended—16.6 ppm at the Waterside Drive site as 
compared to a recommended maximum of .39 ug/g of inorganic As. Four of the five 
other compounds (Cd, Cu, Hg, Zn) were around two orders of magnitude smaller than the 
RSL at their maximum. However, because these samples were collected near the soil-
water interface, comparison of the trace metal concentrations to the regional screening 
levels for protection of ground waters is also important. In this case, concentrations 
obtained for As, Cu, and Hg at sampling sites all exceed the suggested RSL [30]. 
 
Spatial analysis of sediment metal concentrations. 
 Over the entire scale of the analysis, all analytes exhibited a similar trend in 
spatial variability with increasing distance from railways (Figures 1-6). However, on a 
smaller scale, analytes behaved differently within the first 100 m from the tracks (Figures 
7-12). Within these first 100 m, Hg, As, and Cd concentrations all fit a decreasing trend 
line in relation to the site distance from the rails while Cu, Pb, and Zn concentrations 
increased slightly with site distance from the tracks. 
 When the sites were grouped into their respective buffer categories (within 10, 20, 
50, and 100 m of the tracks), four of the elements (Cd, Hg, Pb, and Zn) showed peak 
concentrations within the 20-50 m buffer. For each buffer level, the number of samples 
was 1, 13, 9, and 6 respectively. The concentrations increased to a maximum in this 
buffer and then decreased. Average Cu concentrations continually increased within the 
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buffers and distance from the tracks increased, and As concentrations showed no 
discernible trend within the buffer levels (Figures 13-18). The trend exhibited by Cd, Hg, 
Pb, and Zn seems to indicate that coal dust reaches a peak distance at which it settles after 
leaving the coal cars, between 20-50 m from the rails. However, if the contaminants are 
assumed to be primarily originating from the coal dust, the dissimilarity of the Cu and As 
concentrations within the buffers does not support this theory unless the natural 
distribution of these elements is being altered. 
 The Waterside Drive sampling site contained the highest values for four of the six 
trace metal analytes (Hg, Cd, As, Zn) (Map 2). The sampling points at this location were 
down a hill and across a small, two-lane road from the railway. All three samples were 
taken within 30 m of the rails, along the banks of a water body classified as a freshwater 
emergent wetland (the only site with this classification). Aside from this feature, nothing 
at the site stood out to indicate a significant difference from any of the other sites. One 
possible explanation for the noteworthy accumulation of contaminants at this site is the 
location of the road in relation to the tracks and the sampling sites. The continued 
disturbance of any coal dust that may have landed on the road could lead to larger 
quantities of the dust being transported to the wetland environment. 
 
26 
 
 
Figure 1. Mercury concentration (ug/g) in sediments plotted against the linear distance 
(m) of the sample away from railway. 
 
 
Figure 2. Arsenic concentration (ug/g) in sediments plotted against the linear distance 
(m) of the sample away from railway. 
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Figure 3. Zinc concentration (ug/g) in sediment plotted against the linear distance (m) of 
the sample from railway. 
 
 
Figure 4. Cadmium concentration (ug/g) in sediment plotted against the linear distance 
(m) of the sample from railway. 
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Figure 5. Lead concentration (ug/g) in sediment plotted against linear distance (m) of the 
sample from railway. 
 
 
Figure 6. Copper concentration (ug/g) in sediment plotted against linear distance (m) of 
the sample from railway. 
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Figure 7. Mercury concentrations in sediments within 100 m of railway. A linear curve 
provides a best fit line for the data (R
2 
=.0204). The maximum value was found in a 
sample at Waterside Dr. 
 
 
Figure 8. Arsenic concentrations in sediments within 100 m of railway. A power curve 
provides the best fit line for the data (R
2
=.0618). The maximum value was found in a 
sample at Waterside Dr. 
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Figure 9. Zinc concentrations in sediments within 100 m of railway. A power curve 
provides a best fit line for the data (R
2
=.2667). The maximum value was found in a 
sample at Waterside Dr. 
 
 
Figure 10. Cadmium concentrations in sediments within 100 m of railway. An 
exponential curve provides a best fit line for the data (R
2
=.0553). The maximum value 
was found in a sample at Waterside Dr. 
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Figure 11. Lead concentrations in sediments within 100 m of railway. A logarithmic 
curve provides a best fit line for the data (R
2
=.0097). The maximum value was found in a 
sample at the Providence Forge VA-618/628 site. 
 
 
 
Figure 12. Copper concentrations in sediments within 100 m of railway. A power curve 
provides a best fit line for the data (R
2
=.0885). The maximum value was found in a 
sample at the Colonial Williamsburg Pond site. 
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Figure 13. Analysis of mercury concentrations within each buffer level around railways. 
The average concentrations show an increase to a peak in the 20-50 m range away from 
the tracks followed by a slight decrease in mercury concentrations. 
 
 
Figure 14. Analysis of cadmium concentrations within each buffer level around railways. 
The average concentrations show a slight increase to a peak in the 20-50 m range away 
from the tracks followed by a sharp decline in cadmium levels. 
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Figure 15. Analysis of arsenic concentrations within each buffer level around railways. 
The average concentrations show no obvious trend within the buffers in relation to the 
distance from tracks. 
 
 
Figure 16. Analysis of lead concentrations within each buffer level around railways. The 
average concentrations show an increase to a peak in the 20-50 m range away from the 
tracks followed by a slight decrease in lead levels. 
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Figure 17. Analysis of zinc concentrations within each buffer level around railways. The 
average concentrations show an increase to a peak in the 20-50 m range away from the 
tracks followed by a sharp decrease in concentrations. 
 
 
Figure 18. Analysis of copper concentrations within each buffer level around railways. 
The average concentrations show an increasing trend with distance from railways. 
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Map 2. Comparison of Hg, Cd, Zn, and As concentrations at Waterside Drive sampling 
site. All three sample locations are within 30 m of the railway. This site contained the 
highest concentrations of these four contaminants.  
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Comparison of experimental and control sampling locations. 
 When comparing the trace metal levels at experimental sites to the two control 
sites (Keck Environmental Field Lab and Waller Mill Park), there appears to be no 
correlation between coal-carrying railways and elevated concentrations of the elements. 
However, if the high values obtained at the Keck Environmental Field Lab control site 
are analyzed separately, a different pattern can be discerned. The Keck Lab site alone had 
average concentrations of Hg, Cd, As, Zn, and Cu higher than the averages for the 
experimental sites. If the average contaminant concentrations at the experimental sites are 
compared to the levels found at Waller Mill Park, the average experimental values are 
43-380% higher than the control values depending on the element (Table 3). While this 
analysis drops the number of control values to 1-2 for each contaminant, it depicts a very 
different story regarding the affects of coal transportation on trace metal concentrations. 
 The differences in contaminant concentrations at the two control sites could be 
attributed to the significantly different levels of development between the two sites. 
While the Keck Lab site is situated adjacent to the William & Mary Campus and in close 
proximity to Colonial Williamsburg and the surrounding residential areas, the Waller 
Mill Reservoir is located in a much more pristine, undeveloped area to the north of the 
city of Williamsburg. The immediate watershed for the drainage point at which samples 
were collected at Waller Mill drains only forested hill slopes while that of the Keck Lab 
site drains part of the Busch Field Sports Complex, a site of construction and renovation 
over the past ten years (Map 3). Although the specific differences between the control 
sites were not examined past the original sampling, little can be concluded about the 
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variation. However, this discrepancy should be examined further to elucidate the 
significant difference in contaminant concentrations. 
 
 
Average contaminant concentration (ug/g) 
 
Hg Cd As Pb Zn Cu 
Control 0.040 0.14 1.6 10 35 8.7 
Experimental 0.033 0.099 2.9 18 38 9.0 
Keck Lab 0.047 0.16 1.8 9.9 46 9.6 
Waller Mill Park 0.023 0.069 0.67 12 7.8 4.3 
 
Table 3. Comparison of average contaminant concentrations between control and 
experimental sites, as well as between the two control sites. The Keck Lab control site 
shows significantly elevated contaminant levels compared to both the experimental sites 
and the Waller Mill Park control site. 
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Map 3. Comparison of aerial images of control sites at Waller Mill Park and Keck 
Environmental Field Lab. Development and land use varies greatly between the two sites. 
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Correlation and covariance of trace metal concentrations. 
 In order to analyze the correlations between trace metal concentrations, a 
Pearson’s correlation matrix was created for the analytes (Table 4). The relationships 
between the elements themselves can help to determine trace metal sources and 
accumulation pathways (ag soils). Based on this analysis, there was found to be a 
significant correlation (p<0.01) between Hg and Cd (r=.847), Hg and Zn (r=.793), and Cd 
and Zn (r=.686). A slightly less significant correlation (p<0.05) was noted between Cd 
and As (r=.338).  The positive correlations between these four elements can be attributed 
to their similar bioaccumulative properties [13]. None of the other elements showed 
significant correlation with each other. However, it is interesting to note that Pb is the 
only element that shows negative correlation with any of the other elements (Hg, Cd, and 
Zn). 
Parameter Hg Cd As Pb Cu Zn 
Hg 1 
    
  
Cd 0.847 1 
   
  
As 0.156 0.338 1 
  
  
Pb -0.201 -0.079 0.277 1 
 
  
Cu 0.176 0.230 0.145 0.183 1   
Zn 0.793 0.686 0.169 -0.069 0.149 1 
 
Table 4. Pearson’s correlation matrix for analyzed trace metals. 
 
Mercury concentrations – spiders. 
 The few spider samples that were collected and analyzed provided little 
information in the way of bioaccumulative effects of coal dust deposition. Elevated Hg 
levels were found in the lower body mass, web-feeding spiders in comparison to the 
ground feeding spiders (Figure 19). This can be attributed to the recycling of webs and 
possible accumulation of contaminants on these webs [29]. However, Hg concentrations 
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were generally higher in the control site spiders (Figure 20). With the high correlation 
between Hg and Zn, these higher values at the control sites may be related to the elevated 
Zn levels at the Keck Lab location (Table 1). Zn levels at the site ranged from 33-64 ppm 
in the sediment, much higher than the other three sites at which spiders were collected. 
The information that was garnered from the conducted spider analysis does seem to fit 
with other data collected in this study. In order to ascertain more information regarding 
the effects of coal dust on trace metal accumulation in the food web, many more samples 
must be analyzed. 
 
 
Figure 19. Spider dry mass plotted against mercury concentration (ug/g). A power curve 
provides a best fit line for the data (R
2
=.1873). 
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Figure 20. Average mercury concentrations in spiders separated by feeding mechanism 
and sampling location. The web-feeding and ground-feeding control groups had 5 and 8 
members respectively, and the web-feeding and ground-feeding experimental groups had 
9 and 1 members respectively. 
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Conclusions and Future Work. 
 Using CVAAS, GFAAS, and FAAS, six trace metal contaminants were 
effectively quantified in 36 samples collected at eleven sites along the Virginia Peninsula. 
Compared to the less-developed sampling site at Waller Mill Park, Hg, As, Cd, Cu, Pb, 
and Zn were all found at elevated levels within 100 m of the coal-carrying CSX railways. 
This data suggests that coal dust escaping from open coal cars may indeed be impacting 
the concentrations of trace metals in wetland ecosystems. Within the first 100 m from the 
railway, Hg, As, and Cd showed decreasing concentrations with increasing distance from 
the tracks while Cu, Pb, and Zn showed a slight positive correlation between 
concentration and distance from rails. Average concentrations within the 10, 20, 50, and 
100 m buffers around the tracks were highest between 20-50 m for Hg, Cd, Pb, and Zn, 
suggesting an optimum distance at which coal dust may settle on to the landscape. 
 Detectable levels of Hg were found in all 23 spider samples using DMA. 
Concentrations were highest in web-feeding spiders, suggesting a primary pathway of Hg 
ingestion to be the recycling of webs after the settling of coal dust on the webs. However, 
the limited sample size and limited number of sampling locations do not provide any 
conclusive results for coal dust effects on trace metals in the food web. It was also noted 
that the high levels of Hg in spiders at the Keck Lab site fit the literature-stated 
correlation between high levels of Zn and Hg in the environment. 
 This study will greatly benefit from increased sample collection and analysis. A 
large gap in data exists between the end of the buffer zone and the two control sites, 
limiting the extensive spatial analysis that can be run on the data. An increase in the 
number of control sites would also provide significantly better results. The unexpectedly 
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high and yet unexplained concentrations of trace metals at the Keck Environmental Field 
Lab skewed the results for the control group in the analysis. With an increase in the 
number of samples and sampling sites in the data set, interpolations of the data can be 
conducted to fill in remaining gaps and paint a broader picture of the effects of coal 
contamination on the ecosystems surrounding coal-carrying railways. 
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Appendices. 
Sample ID Sample Sample Mass (g) 
1-1 CCrd walkway 1.0016 
1-2 CCrd spillway 1 1.0029 
1-3 CCrd spillway 2 1.0071 
1-4 Barnett Rd RR near 0.9973 
1-5a Barnett Rd RR far 1 1.0101 
1-5b duplicate 1.0121 
1-6 8.25 Keck lab control 1 1.0016 
1-7 8.25 Keck lab control 2 1.0118 
1-8 Hicks Island North Far 0.9949 
1-9 Hicks Island South Mid 0.9950 
1-10a Hicks Island North Close 0.9975 
1-10b duplicate 0.9985 
1-11 Hicks Island North Mid 1.0060 
1-12 Waterside Dr. 1 0.9973 
1-13 Waterside Dr. 2 0.9971 
1-14 Waterside Dr. water sample 0.9947 
1-15a FTC 2a 1.0109 
1-15b duplicate 1.0076 
1-16 FTC 1a 1.0090 
1-17 FTC 1b 1.0023 
1-18 FTC 2b 1.0120 
1-NIST NIST SRM 2710 0.2470 
1-WQB3 WQB 3 0.2503 
1-BLANK Blank 0.0000 
1-BLANK Blank 0.0000 
2-1 Waller Mill Control 1a 0.9980 
2-2 Waller Mill Control 1b 0.9978 
2-3 Va-60 1 0.9953 
2-4 Va-60 2 0.9968 
2-5a Lee's Hall ES 1a 1.0015 
2-5b duplicate 0.9980 
2-6 Lee's Hall ES 1b 1.0014 
2-7 Lee's Hall ES 2a 1.0016 
2-8 Lee's Hall ES 2b 1.0065 
2-9 Prov Forge Va 618/628 mid 1.0015 
2-10a Prov Forge Va 618/628 far 0.9939 
2-10b duplicate 0.9973 
2-11 Prov Forge Va 618/628 close 1.0072 
2-12 7.25 Keck Lab 1 0.9995 
2-13 7.25 Keck Lab 2 1.0067 
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Appendix A. Sediment extraction sequence with sample masses. Sediments were 
extracted using PMAE with aqua regia and diluted to 100 ml with deionized water. 
  
2-14 7.25 Keck Lab 3 0.9961 
2-15a CW Pond Far 1 0.9939 
2-15b duplicate 0.9970 
2-16 CW Pond Far 2 0.9989 
2-17 CW Pond Close 1 0.9985 
2-18 CW Pond Close 2 0.9960 
2-NIST NIST SRM 2710 0.2464 
2-WQB3 WQB 3 0.2500 
2-BLANK Blank 0.0000 
2-BLANK Blank 0.0000 
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